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Abstract 
A series of compounds with the general formula Gd2-xNdxZr2O7 (0.0  x  2.0) was synthesized by high-
temperature solid state method and characterized by powder X-ray diffraction. Trivalent neodymium was 
used as the surrogate for americium with three valences, an actinide found in radioactive nuclear wastes. 
The X-ray diffraction patterns show that the whole system of Gd2-xNdxZr2O7 (0.0  x  2.0) consistently 
possesses the pyrochlore structure. In order to get the accurate data of structural changes of zirconate 
pyrochlores incorporating Am3+, the Rietveld structural refinement method was employed to calculate the 
crystal cell parameters of zirconate pyrochlores. The calculated results indicated that the value of x in the 
system Gd2-xNdxZr2O7 (0.0  x  2.0) and the crystal cell parameter a accord with a = 10.52696 + 0.07036 
x, x and the volume of crystal cell V follow the relation of V = 1166.45459 + 23.72163 x. 
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1. Introduction 
Pyrochlores have the general formula A2B2O7 where A usually is the larger cation and B is the smaller 
cation. Mostly, A–site is occupied by a trivalent rare-earth element, but can also be a mono or divalent ion, 
                                                          
* Corresponding author. Tel.: +86-816-6089013; fax: +86-816-6089013 
E-mail address: fqdong@swust.edu.cn. 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of Institute of Nuclear and New Energy Technology, Tsinghua University
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
404   Lu Xi-rui et al. /  Energy Procedia  39 ( 2013 )  403 – 407 
while B–site may be a 3d, 4d or 5d transition element possessing an approximate oxidation state required 
for charge balance to give rise to the composition A2B2O7[1]. Because pyrochlores possess the abilities to 
accommodate minor actinides like U, Th and Pu, and excellent capability to resist the irradiation in the 
nuclear stopping regime [2,3].Pdyrochlores have been attracting many interests from the scholars in the 
filed of the treatment and disposal of radioactive wastes for incorporating radioactive wastes using 
pyrochlores as waste forms[4-7].  
In 1999, the team of Weber and Ewing found that the pyrochlore system of Gd2Zr2O7 were not found 
amorphous and possessed better stability of anti-irradiation from Kr+ with 1MeV [5]. Both the teams of 
Weber and Sickafus reported their research results on “Science” respectively that pyrochlore Gd2Zr2O7 had 
better capability of anti-irradiation and pointed out that pyrochlore Gd2Zr2O7 was a good candidate for 
waste forms in immobilizing Pu and a few of actinides in 2000 [3,6]. So, zirconate pyrochlores have been 
considered as suitable candidate for immobilization of minor actinides. 
The Gd2-xNdxZr2O7 system is important from the point of view of americium, as Nd3+ used as a 
surrogate material for Am3+. Both Nd3+ and Am3+ have the same ionic radius (1.02 Å in cubic 
coordination), which is an important criterion for simulation of the incorporation of Am3+ and the research 
of phase[1]. 
The present study aims at getting the phase relation in the system Gd2-xNdxZr2O7 (0.0  x  2.0), which 
is synthesized by high-temperature solid state reaction method and under the slow cooled conditions. To 
get the accurate data of structural changes of zirconate pyrochlores incorporating Am3+, the Rietveld 
structural refinement method would also be employed to calculate the crystal cell parameters of zirconate 
pyrochlores.               
2. Experimental 
High-purity gadolinia, neodymia and zirconia were used as the starting materials. Eleven mixtures to 
give the stoichiometry Gd2-xNdxZr2O7 (0.0  x  2.0) were prepared respectively. The stoichiometric 
amounts for the respective mixtures were pulverized together thoroughly, using an agate mortar and 
pestle. Then, the mixtures were pressed into pellets (12 mm diameter × 2mm) at a pressure of 10M Pa. 
The pellets were sintered at 1773 K for 72 hrs in air atmosphere, and then the calcined samples were 
naturally cooled to room temperature in furnace.  
The as-gained samples were characterized by powder X-ray diffraction (XRD). The XRD instruments 
was Philips X’ pert Pro with monochromatised CuK  radiation. Silicon was used as an external standard. 
The XRD patterns were recorded between 10o and 80o, and 2  at 2o/min using a X’ pert Pro diffractometer. 
3. Results and discussion 
  Fig.1 shows the powder X-ray diffraction patterns of Gd2Zr2O7, Gd1.8Nd0.2Zr2O7, GdNdZr2O7, 
Gd0.2Nd1.8Zr2O7 and Nd2Zr2O7, and partial compounds in the series of Gd2-xNdxZr2O7 (0.0  x  2.0). The 
superstructure reflections characterizing the pyrochlore long-range ordering of cations and anion 
vacancies, are evident in the as-gained patterns (e.g. (111) at ~14.5  (2 ) and (311) at ~ 28.2 (2 ) 
respectively). Therefore, the whole samples possess the structure.  
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Fig.1. XRD patterns obtained for selected Gd2-xNdxZr2O7 (0.0  x  2.0) compounds after sintering at 1773 K for 72hrs and naturally 
cooling to room-temperature. Based on the presence of superstructure peaks near 2  = 14.5, 28.2, 37.2, 44.7 and 51.3 , 
characteristics of pyrochlore lattice, in the XRD patterns of the Gd2-xNdxZr2O7 (0.0  x  2.0) compounds, it is concluded that 
these compositions possess pyrochlore structure. Numbers in parenthesis are the pyrochlore Miller indexes of each reflection 
  In order to get the accurate data of crystal cell parameters, the Rietveld structural refinement method was 
used to analyze the structural changes. The calculated results are shown in Table 1. Because the value of 
R factor is satisfactory small in the calculation, the calculated value of crystal cell parameters possesses 
the high reliability. A progressive increase of the value of a in the crystal cell is observed as the increase 
of x. The gradual increase of crystal cell size can be attributed to the substitution of a slightly bigger 
cation Nd3+ (ionic radius = 1.02 Å) for Gd3+ (ionic radius = 0.94 Å) in the series. Obviously Gd2Zr2O7 and 
Nd2Zr2O7 form a successive solid solution over a larger homogeneity range (x = 0.0 – 2.0), which keep 
the structure of pyrochlore continuously. Moreover, because the ionic radius of Nd3+ and Gd3+ is very 
similar, the slow increase of crystal cell size and volume is observed. Moreover, the phase of as-gained 
compositions belongs to cubic phase, in which the values of a, b and c are the same. 
   Table 1. Calculated crystal cell parameters of compounds in the system Gd2-xNdxZr2O7 (0.0  x  2.0) 
Target compounds 
Crystal cell paremeters 
a / Å V / Å3 R-wp 
PDF00-016-0799 10.5010 1157.96 — 
Gd1.8Nd0.2Zr2O7 10.5422032 1171.63990 8.063 
Gd1.6Nd0.4Zr2O7 10.5525121 1175.08038 7.934 
Gd1.4Nd0.6Zr2O7 10.5667738 1179.85118 7.815 
Gd1.2Nd0.8Zr2O7 10.5794800 1184.11251 7.920 
Gd1.0Nd1.0Zr2O7 10.5918582 1188.27367 8.157 
Gd0.8Nd1.2Zr2O7 10.6052932 1192.80111 8.898 
Gd0.6Nd1.4Zr2O7 10.6246505 1199.34454 9.232 
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Gd0.4Nd1.6Zr2O7 10.6425434 1205.41417 9.659 
Gd0.2Nd1.8Zr2O7 10.6566658 1210.21921 10.818 
Nd2Zr2O7 10.6721115 1215.48907 12.076 
  To get the relations between x, crystal cell size and volume, the linear fitted equation y = a + b x is used 
in the calculations, where x is the independent variable, a and b are parameters which rest with least 
square method. Fig.2 and Fig.3 show the fitted results. According to the calculated results, we can find 
that the value of R is satisfactory, which are above 0.99. The fitted results show that the value of a and x 
in the system Gd2-xNdxZr2O7 (0.0  x  2.0) accord with a = 10.52696 + 0.07036 x, V and x follow the 
linear relation: V = 1166.45459 + 23.72163 x.  
 
 
Fig.2. Relations between a and x of compounds in the system Gd2-xNdxZr2O7 (0.0  x  2.0) 
 
 
Fig.3. Relations between a and x of compounds in the system Gd2-xNdxZr2O7 (0.0  x  2.0) 
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  According to the above researching results and only considering the influence of ionic radius of trivalent 
neodymium to the zirconate pyrochlore, we can conclude that Nd3+ could occupy the Gd3+ sites 
thoroughly in crystal lattice of gadolinium zirconate used for immobilizing Am3+ which usually exist in 
nuclear wastes. Though much work has been done about the choices of zirconate pyrochlore used as the 
waste forms, there are still many questions need to be deeply investigated. The stabilities of anti-
irradiation from rays, chemistry, mechanism and so on are need to be further evaluated, especially the 
extraction ratio after irradiations.     
4. Conclusion 
In the present investigation synthesis, phase and structural analysis of compounds in the system Gd2-
xNdxZr2O7 (0.0  x  2.0) have been studied. It is a feasible technique to synthesize gadolinium zirconate 
into neodymium zirconate retaining the pyrpchlore structure at 1773 K for 72hrs. Moreover, the value of 
x in the system Gd2-xNdxZr2O7 (0.0  x  2.0) and the crystal cell parameter a accord with a = 10.52696 + 
0.07036 x, x and the volume of crystal cell V follow the relation of V = 1166.45459 + 23.72163 x. This 
researching result will be useful in simulating data on incorporation of radioactive americium into waste 
forms of Gd2Zr2O7.      
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